Twenty-jive patients having aortic surgery had blood scavenged using the Sorenson Receptal Device (Group A) and were compared with twenty-jive patients having homologous blood transfusion (Group H). Mean intraoperative blood loss was similar in both groups, Group A 3224 (SD 2392) ml, Group H 2999 (SD 1579) ml, but the mean homologous blood replacement was significantly different intraoperatively, Group A 1.2 (SD 1.7) units, Group H 2. 7 (SD 1.8) units. Total intra-hospital homologous blood replacement was not signijicantly different, Group A 4.0 (SD 3.4) units, Group H 5.5 (SD 5.8) units. Mean haemoglobin concentration in the scavenged blood was 8.5 (SD 2.1) g/dl compared to 10.8 (SD 2.4) g/dl in the median aged homologous blood units crossmatchedfor Group H. Mean red cell half life in the scavenged blood was the same as that for the homologous blood, 24 (SD 5) days, but plasma-free haemoglobin and bacterial contamination was greater in the scavenged blood. There was no difference in the incidence of postoperative renal dysfunction, coagulopathy or mortality between the two groups of patients.
It is widely believed that reducing the use of homologous blood would reduce the incidence of complications of this form of blood transfusion including transfusion reactions, disease transmission and immunological incompatibility. The recent transmission of Acquired Immune Deficiency Syndrome by homologous blood transfusion has highlighted the need to consider alternatives to homologous blood transfusion. In major surgery some blood loss is inevitable so that reducing homologous blood transfusion requirements by predonation of autologous blood, haemodilution, intraoperative autotransfusion and intraoperative blood salvage all need to be considered.
The technique of returning blood salvaged during surgery to the patient has been used for over a hundred years, but the development of simple, inexpensive, disposable equipment has made it more practicable. Noon, Solis and Natelson l described the use of the Sorenson autotransfusion system and analysed the autologous blood collected. However, they did not compare the quality of this autologous blood with the homologous blood available for transfusion in a similar group of patients, they did not quantitate the saving of homologous blood when the Sorenson system was utilised and they made no comparison of outcome between patients using the salvaged blood and those in whom only homologous blood was used. The aims of this study of blood scavenging using the Sorenson receptal autotransfusion system were to assess the Anaesthesia and Intensive Care, Vol. 15, No. 3. AlIgllst, 1987 saving of homologous blood when this system was used, to compare the quality of the scavenged blood and homologous blood, and to assess possible complications of this method of autotransfusion.
MATERIALS AND METHODS

Patients
Fifty patients having aortic surgery for ei ther abdominal aortic aneurysm or aorto-iliac occlusive disease were selected and divided randomly to have either blood salvage using the Sorenson autotransfusion system (Group A) or homologous blood transfusion without intraoperative salvage (Group H). The patients gave informed consent and the study was approved by the Research Ethics Committee of St. Vincent's Hospital. Both groups had similar preoperative, intraoperative and postoperative care but the intraoperative blood replacement, based on measured losses and cardiovascular assessment of blood volume, differed between the two groups as follows.
Homologous group (Group H)
Intraoperative blood loss was replaced with either 3.5% polygeline or homologous blood according to the measured haematocrit. If this was above 0.3 then polygeline was used; if below 0.3 then homologous blood was administered.
Autologous group (Group A)
Blood lost from the surgical site was sucked into the Sorenson receptal device and this blood was retransfused into the patient at the time of surgery. Additional blood loss which was not able to be collected was replaced according to haematocrit measurements, 3.5% polygeline being given if the haematocrit was above 0.3 and homologous blood if the haematocrit was below 0.3.
Blood scavenging
The Sorenson autotransfusion system was used in the following way. The surgeon used whatever surgical sucker he preferred but was encouraged to avoid air-blood suction in order to minimise red cell destruction during salvage. Suction pressure was limited to between 50 and 100 mmHg by a vacuum regulator applied to the normal wall suction. The collected blood was anticoagulated with acid citrate dextrose solution A (Tuta Laboratories) administered manually from a burette at the rate of 70 ml for every 430 ml of autologous blood collected. The anticoagulant solution was added to the collected blood at the end of the sucker handle via the Sorenson double-lumen suction tubing. The patients also received heparin 1.5 mg/kg before the aorta was clamped, but the anticoagulant was still added to the collected blood. The scavenged blood was collected in a 1900 ml sterile disposable Sorenson receptal A TS trauma liner which was contained within a rigid reusable receptal canister ( Figure I ). The suction as previously described was applied to this canister, a normal suction bottle being interposed between this device and the wall suction mount to catch any overflow of blood. A second canister was set up in a similar fashion so that the time taken for changing to the second Sorenson receptal A TS trauma liner was minimal and therefore did not interfere with the collection procedure. When approximately one litre of autologous blood had been scavenged the liner was removed and this blood then administered to the patients after being filtered through a micro filter (Pall 40 micron filter).
Investigations
Both groups of patients had intraoperative blood loss measured using volumetric and gravimetric methods. Blood volume replacement during the operation with 3.5% polygeline, homologous blood and crystalloid was noted and all postoperative homologous blood requirements were recorded.
A full-blood examination, plasma-free haemoglobin, microbiological culture and the red cell half-life (measured with radioactive chromium) were performed on the first litre of scavenged blood collected in Group A and the median aged unit of homologous blood crossmatched for each patient in Group H.
Patients in both groups had preoperative and postoperative blood cultures performed to determine if either the autologous or homologous blood transmitted bacteria. All patients received intravenous cloxacillin 1.0 g after induction of anaesthesia and six-hourly for 24 hours postoperatively. Both groups of patients had plasma-free haemoglobin measured preoperatively and at the end of operation in order to determine the effect of administering the plasma-free haemoglobin present in the scavenged or homologous blood. Changes in serum creatinine from the preoperative levels were followed postoperatively in order to determine whether there were any gross changes in renal function. We defined new renal insufficiency as None of the differences between the groups was statistically significant.
consisting of an increase in serum creatinine levels of more than 0.05 mmol/l above the preoperative level. Coagulation studies, including platelet count, prothrombin time, kaolin partial thromboplastin time, fibrin degradation products and fibrinogen titre, were all performed in both groups of patients preoperatively, at the end of operation, and 24 hours after operation. Patients in both groups were reviewed regularly postoperatively in order to determine postoperative morbidity and mortality.
Statistical methods
All data were analysed using Student's t-test, P levels less than 0.05 were taken to be statistically significant. 
RESULTS
The age, sex, weight, type of operation and ASA classification are summarised in Table 1 . No statistically significant difference between the two groups in these parameters could be shown. Intraoperative blood loss and blood volume replacement and postoperative homologous blood transfusion requirements are shown in Table 2 . The mean intraoperative blood loss was similar in both groups but the homologous blood transfusion requirements were statistically significantly different when measured, both in millilitres of blood and units of blood. The number of units of homologous blood required both intraoperatively and postoperatively in both groups of patients are compared in Table 3 . The number of units required in Group A was statistically significantly different during the operation but there was no difference in the postoperative requirements or the total requirement for homologous blood.
The mean haemoglobin measurements preoperatively, 24 hours after operation and at five to seven days postoperatively are compared in Table 4 . There was no statistically significant difference in this measurement between the two groups.
The quality of the autologous blood used in Group A is compared in Table 5 with the median aged unit of homologous blood cross matched in Group H which had a mean storage time of 19 (SO 6) days. The haemoglobin of the autologous blood would have been diluted by the addition of the 70 ml of anticoagulant per 430 ml of scavenged blood. The red cell survival was similar in both groups of patients and matched the normal red cell half-life measured by this method in our laboratory of 26 (SO 3) days. The substantial difference in plasma-free haemoglobin reflects red cell trauma occurring during the scavenging process. Organisms cultured from both the autologous and homologous blood are shown in Table 6 . The majority were skin organisms and it is possible in some instances that contamination could have occurred as a result of difficulties in taking blood samples from the Sorenson receptal device. Bowel organisms (Streptococcus faecalis and Proteus mirabilis) were cultured from the scavenged blood in one case, this occurring in a patient who did not have any macroscopically apparent bowel perforation. None of the blood cultures taken from the patients before surgery or at the end of surgery was culture-positive.
The effect of the plasma-free haemoglobin 
Comparison of haemoglobin levels (g/JOO ml) between the two groups of patients (mean with standard deviations in brackets)
Group A Group H Difference load from the autologous and homologous blood on patients was assessed by measuring this preoperatively and at the end of the operation. Before surgery in Group A the mean plasma-free haemoglobin was 8 (SD 9) mg/lOO ml.lt was 67 (SD 42) mg/lOO ml after infusion of the autologous blood. In Group H the mean plasma-free haemoglobin was 7 (SD 10) mg/lOO ml before operation and 11 (SD 11) mg/lOO ml at the end of the operation. Five patients in Group A had significant changes in serum creatinine postoperatively, one of whom needed haemodialysis. Four patients in Group H had significant rises in serum creatinine postoperatively and again one of these patients required haemodialysis. Two patients in each group had a clinically significant dilutional coagulopathy due to massive transfusion (homologous blood requirements often or more units). These four patients required fresh frozen plasma or platelets in the treatment of the coagulopathy.
In Group A one of these patients had 8500 ml of autologous blood, the other patient only having 200 ml of autologous blood. Two patients from Group H died, one following a postoperative haemorrhage requiring re-operation. The patient died of myocardial infarction 24 hours postoperatively. The second patient had an uneventful postoperative course until the day before his proposed discharge when he had a cardiac arrest and resuscitation was unsuccessful.
In Group A four patients died. One patient had a postoperative myocardial infarction and died three days after his operation of cardiogenic shock. The second patient died after developing a staphylococcal respiratory infection resulting in respiratory failure and later multi-system failure, dying 22 days postoperatively. The third patient had a massive intraoperative blood loss because of major surgical technical difficulties. This patient developed postoperative renal failure initially then multiple system failure and died 14 days after operation. The fourth patient died 35 days postoperatively following the development of respiratory failure, renal failure and sepsis. There was no statistically significant difference between the deaths in each group and the mode of transfusion was not considered to contribute to their deaths. DISCUSSION A number of techniques have been described for blood scavenging during aortic surgery.'-6 All these studies have deficiencies Anaesthesia and In[ensi~'e Care, Vo/. 15. No. 3, August, 1987 in both study design and methods of quantitating homologous blood conservation. In this study patients were randomly allocated to an autologous blood group or a homologous group. Although blood conservation was significant during the operative procedure no difference was shown when total homologous blood requirements were compared. Two possible alterations of surgical practice in our hospital may have resulted in significant homologous blood conservation using the Sorenson receptal device. Only about 50% of blood lost was able to be scavenged and so less use of packs and the discard suction could result in increased scavenging and therefore increased blood conservation. Stricter criteria for homologous blood utilisation in the postoperative period could also have aided in blood conservation, particularly if the principles of moderate haemodilution 7 were considered.
The quality of the autologous blood was similar to that of the homologous units studied using the parameters we measured. The haemoglobin concentration of the autologous blood was less than the homologous blood because normovolaemic haemodilution was used. Thus the blood collected would be expected to have a haemoglobin concentration in the 8-10 g/1 00 ml range. The addition of the anticoagulant would have diluted the haemoglobin concentration further. Other authors have shown that the 2,3 diphosphoglycerate concentration in scavenged autologous blood is greater than banked blood. Noon et al.' measured 6.32 mmollml of 2,3 diphosglycerate in autologous blood compared with 2.71 mmollml in banked blood. This increased 2,3 diphosphoglycerate level would mean that the autologous blood could release oxygen more readily than the banked blood which may compensate for the lower haemoglobin in the autologous blood, at least in the first 24 hours after reinfusion.
The similar red cell survival in the two agreed with the observation of O'Hara et al. 4 who showed that red cell survival curves for autologous blood that had been scavenged and un shed autologous blood were nearly identical.
They concluded that autotransfusion did not impair the viability of 4 reported 499 mg/100 ml. This red cell destruction should, however, be minimised by using the lowest suction pressure compatible with reasonable blood removal from the surgical site and the surgeon should be encouraged to minimise trauma due to an air-blood interface by suction from pooled blood with the sucker tip below the blood surface.
The bacterial contamination detected in the scavenged blood was potentially the most serious problem with our technique. Although some of the positive cultures may have been the result of faulty technique when obtaining blood from the Sorenson pack, the other likely source of contamination was the patients' skin and in one instance, from bowel. Andrews et al. 5 had positive cultures in all eighteen patients in whom they cultured scavenged blood. They quantitated the number of organisms by doing colony counts and noted that these cultures were only significant in two patients. They considered that despite this contamination no aortic graft infection occurred and that the organisms would be rapidly cleared from the circulation by the reticulo-endothelial system. Glover et al. s reported fourteen patients receiving scavenged blood contaminated with intestinal contents and suggested that with appropriate antibiotic cover this procedure may be life-saving in certain difficult resuscitation situations. Other authors describing autotransfusion techniques have not cultured the scavenged blood in order to determine the contamination rate. It would be our view that blood contaminated with intestinal contents should not be reinfused and we would discontinue the technique if the gut was accidentally perforated during the surgical procedure. None of our patients had positive blood cultures but all received cloxacillin after induction. We recommend appropriate prophylactic antibiotic cover for 24 hours when blood scavenging is used from the abdominal cavity.
The incidence of postoperative renal dysfunction in the two groups in this study did not differ. This result was similar to other reports of blood scavenging where, despite the increased plasma free haemoglobin load, the incidence of renal dysfunction did not increase. Brener et al. 2 noted transient elevations of serum creatinine levels (over 1.5 mg/IOO ml) in 40% of patients in both groups when blood scavenging in one group of patients was compared with conventional transfusion techniques in another group of patients having aortic surgery. Brewster et al. 9 reported an incidence of 5% renal dysfunction after autotransfusion in aortic surgery but implicated other causes rather than the autotransfusion technique. Cali et al. 6 reported an incidence of 7% renal failure in a non-autotransfused group of aortic reconstruction patients compared with 4% in an autotransfused group, this difference was not statistically significant.
Coagulopathy is also a potentially serious complication of blood scavenging, but in this study there was no difference in the incidence of clinically significant coaguJopathy between the groups, this problem only occurring in patients requiring massive transfusion. Reports of changes in various coagulation parameters are frequently reported with autotransfusion2-4·9 but the incidence of clinically significant coagulopathies is not reported to be greater with blood scavenging compared with homologous blood transfusion. Blood scavenging does not reduce the requirement for platelet and fresh frozen plasma infusions when massive transfusion occurs.
The mortality in both groups of this study was not statistically significantly different but reflected the moderately high risk of aortic surgery in elderly patients with multiple medical problems.
